INTRODUCTION
Rauscher virus (RV) induces leukaemia in adult mice with concomitant expansion of the erythroid compartment (Hasthorpe, 1978; Opitz et al., 1977; Ostertag & Pragnell, 1981 ; Tambourin, 1979 ) similar to leukaemias induced by Friend virus (FV) (Ostertag & PragneU, 1981 ; Tambourin, 1979; Troxler et al., 1980) and myeloproliferative sarcoma virus (MPSV) (Fagg et aL, 1980; Ostertag & Pragnell, 1981; Ostertag et al., 1980) . RV and MPSV appear to alter the proliferative properties not only of the erythroid compartment but also of haematopoietic stem cells and myeloid cells (Hasthorpe, 1978; Klein et al., 1981; Opitz et al., 1977; Ostertag & PragneU, 1981) . Experiments with RV preparations (possibly heterogeneous) indicate that RV may induce earlier erythroid precursor BFU-E cells to proliferate (Hasttrorpe, 1978) . MPSV appears also to promote the proliferation of early BFU-E cells (Hankins et al., 1982; Ostertag & Pragnell, 1981) , while FV induces proliferation (and differentiation?) of only intermediate BFU-E cells and their descendants, the CFU-E cells (Hankins & Troxler, 1980; Hankins et al., 1978; Ostertag & Pragnell, 1981 ; Tambourin, 1979) . Early erythroid differentiation appears to be controlled by glycoprotein hormones, collectively named 'burst-promoting activity' (BPA) (Johnson & Metcalf, 1977) . BPA is commonly obtained from murine spleen cells treated with lectin (Johnson & Metcalf, 1977) , but the myelomonocytic permanent cell line Wehi-3 also releases related factors which may be used as a substitute for BPA (Moore, 1982) . Late erythropoietic proliferation is controlled by the glycoprotein erythropoietin. FV infection of erythroid cells replaces partly (FV-anaemia variant, FV-A) (Fagg et al., 1980; Hankins & Troxler, 1980; Peschle et al., 1980; Tambourin, 1979) or completely (FV-polycythaemia variant, FV-P) (Hankins et al., 1978; Liao & Axelrad, 1975 ) the requirement for erythropoietin for production of erythroid colonies. It therefore seemed of interest to find whether RV infection would replace, 0022-1317/82/0000-5174 $02.00 © 1982 SGM J.N.M. MOL AND OTHERS partly or fully, the requirement of BFU-E cells for spleen cell-conditioned medium or for BPA.
Finally, and in view of the results obtained on the biology of RV, we wanted to resolve several questions on the molecular biology of Rauscher spleen focus-forming virus (SFFV). Studies of the SFFV-specific env-related protein gp55 (Bilello et al., 1980; Dresler et al., 1979; Racevskis & Koch, 1977; Ruscetti et al., 1979; Ruta & Kabat, 1980; Troxler et al., 1977b) and xenotropic virus-related env sequences (Troxler et al., 1977a) suggested that the SFFVs of Friend and Rauscher may be related. Experiments were designed to characterize the gag and env generelated proteins in RA-1 and to compare these data with those obtained from cells infected with Friend SFFV and helper viruses. We were also interested in determining whether RV released from RA-1 cells after rescue contains a heterogeneous population of RNA species, as was reported for RNA from RV released from other Rauscher virus-transformed cell lines (Van Griensven & Vogt, 1980) .
METHODS
Cell culture and viruses. All cell lines were grown in modified Eagle's medium supplemented with 10 ~ foetal calf serum (Ostertag et al., 1972) . Infectious virus was obtained from tissue culture supernatants. Concentrated virus was used for some experiments as indicated. The cell lines used in these studies and referred to in the figures and text are as follows. Cell line 643/22N is an SC-I cell line which releases twice-cloned Friend helper virus (MuLV-F) . The origin of the MuLV-Mol and the MuLV-Gross helper viruses has been described previously (Fagg et al., 1980; Ostertag et al., 1980) . The Rauscher MuLV-R was obtained by endpoint dilution of JLS-V5 (Wright & Lasfargues, 1965 ) RV on Balb/c-3T3 cells. The origin of the RVtransformed erythroleukaemia cell line RA-1 has been described by DeBoth et al. (1978) . This cell line was cloned from cell line RED-1 (DeBoth et al., 1978) and was renamed RA-1 to distinguish this clone from a rat erythroleukaemia cell line, RED-1. RV complex released by cell lines JLS-V5 and RV rescued by MuLV-F or RA-1, FV from Friend cell clone F4N or its subclone F4-6 (Ostertag etal., 1972) was used for some comparative experiments with FV.
Virus assays. Reverse transcriptase activity was measured as described previously . Spleen focus formation was assayed 10 days after injection of serial dilutions of virus-containing filtered supernatants into adult DBA/2J mice .
CFU-E and BFU-E assays. The procedure followed for CFU-E and BFU-E assays was essentially that described by Iscove & Sieber (1975) but with the following modifications. Erythropoietin was prepared from the urine of patients with Fanconi's anaemia (B. Fagg et aL, unpublished results) by a procedure which removed essentially all BPA-like activity. This erythropoietin, even at high concentration (0-15 to 1.5 U/ml culture medium), did not induce growth of burst-forming colonies (BFU-E) unless 10~ of a supernatant from Wehi-3 cells (this paper; Moore, 1982) or 2.5 to 5 ~ lectin-treated DBA/2J spleen ceU supernatant (Johnson & Metcalf, 1977) was added. A high dose of erythropoietin (1.5 U/ml) was sufficient to obtain colony formation of < 0-1 BFU-E per l0 s spleen cells and < 1 BFU-E per 105 bone marrow cells of uninfected DBA/2J mice (age 2 to 4 months). Replacement of high doses of erythropoietin by dialysed Wehi-3 supernatant improved this yield considerably (see Results). BFU-E and CFU-E colonies in each experiment were stained with benzidine to confirm the erythroid nature of cells within the colonies. Only strongly staining colonies were counted.
Preparation of3Zp-labelled RNA. 32p-labelled virus RNA suitable for fingerprint analysis was prepared following a published procedure (Wang et al., 1975) . 70S MuLV and 50S SFFV RNAs were separated via sucrose gradient velocity sedimentation (Ostertag & Pragnell, 1978) .
Agarose gel electrophoresis under denaturing conditions. Electrophoresis of virus RNA on 1 ~o agarose gels in the presence of methylmercuric hydroxide was performed as described previously . Size markers included 35S and 34.5S MuLV-R RNAs, 30S retrovirus-like RNA, and 27S MS2 RNA (Van Griensven & Vogt, 1980) .
Fingerprinting and mapping of T1 oligonucleotides. Fingerprinting of RNase Tl-digested virus RNA on twodimensional polyacrylamide gels was performed according to standard procedures (Wang et al., 1975) .
Preparation of eDNA and hybridization. An essentially full length cDNA copy of MuLV-R was prepared by the endogenous RNA-dependent DNA polymerase reaction described previously (Ostertag & Pragnell, 1978) . SFFV RNA was hybridized with MuLV-R cDNA as described by Evans et al. (1980) .
Analysis of virus protein expression. Techniques for labelling with [35S]methionine, immunoprecipitation and polyacrylamide gel electrophoretic analysis of virus proteins from erythroleukaemia cells were as described previously (Bilello et aL, 1980) . One-dimensional peptide mapping by limited proteolysis with Staphylococcus aureus V8 protease (Miles Laboratories) was essentially as described by Cleveland et al. (1977) with the following modifications. [3 SS]methionine.tabelled proteins were immunoprecipitated and run on 12.5 ~ acrylamide/0-1 ~o bisacrylamide gels and the gels rapidly fixed, dried and autoradiographed. Regions of interest were excised from the gels using the autoradiograph as a template. Gel slices were swollen in D buffer (0-125 M-Tris-HCI pH 6.8, 0.1% SDS, 1 mM-EDTA) and transferred to the wells of a 20 cm-long 15% acrylamide/0.3% bisacrylamide gel. Proteolytic enzyme (0.25 or 0-5 ~tg) was added to the well in D buffer containing 10% glycerol.
Electrophoresis was started at 25 V until the bromophenol blue dye front was at the bottom of the stacking gel, whereupon the current was turned off for a period of 30 min to allow proteolysis to occur. Electrophoresis was resumed until the dye front ran off the gel, which was then processed by fluorography as described by Bilello et al. (1980) .
RESULTS

Leukaemogenicity and spleen focus formation of MuL V-R complex and its constituents
In order to characterize the SFFV component in the RV complex, we first tested established cell lines for the production of spleen focus formation by SFFV-R. Table 1 shows that the erythroleukaemia cell line RA-1 is a non-producer cell line. Release of SFFV-R could be obtained if the cell line was infected with MuLV-F or MuLV-Mol but not with MuLV-Gross, using an XC plaque-forming titre (as measured on SC-1 cells) of 106 (MuLV-Gross and MuLVMol) or 5 × 106 (MuLV-F). No infection could be obtained with MuLV-R (clone 9) (XC titre approx. 5 × 106).
This virus (clone 9) was inactive in the in vivo spleen focus assay (Table 1) but caused lymphoid leukaemia after prolonged incubation in suitable mouse strains (data not shown).
Effect of RV on erythroid cell proliferation
The polycythaemia-inducing Friend virus (FV-P) of Mirand alters the response of virusinfected erythroid cells to the hormone erythropoietin (Fagg et al., 1980; Hankins et al., 1978; Liao & Axelrad, 1975) . Bone marrow or spleen cells of sensitive mice (Fv-2 s genotype) infected by FV-P mature autonomously without a requirement for erythropoietin. Bone marrow or spleen cells of mice infected with Friend anaemia virus (FV-A) show erythropoietin-independent erythroid colony formation in vitro. These colonies still require erythropoietin for full haemoglobinization, that is, for terminal erythroid differentiation (Fagg et al., 1980; Hankins & Troxler, 1980; Peschle et al., 1980; Steinheider et al., 1979) . Infection of mice by MPSV induced an increase in both CFU-E-and BFU-E-type colonies but only in the presence of (low doses of) erythropoietin. This would suggest that MPSV-infected early erythroid precursor cells are either hypersensitive to erythropoietin or that they do not require, or require much less, BPA (Fagg et al., 1980; Ostertag & Pragnell, 1978; Ostertag et al., 1980) .
To determine the biological effect of RV rescued from cell line RA-1, we infected DBA/2 mice and assayed spleen and bone marrow CFU-E and BFU-E cells of leukaemic mice for their requirement for erythropoietin or Wehi-3 supernatant (Table 2) . Bone marrow and spleen cells of uninfected DBA/2 mice were plated as controls in the presence or absence of either erythropoietin or Wehi-3 supernatant: 20 BFU-Es were detected if Wehi-3 supernatant was added to 105 bone marrow cells and 1.3 BFU-Es if added to the same number of spleen cells. With erythropoietin alone, less than 0-5 BFU-E/105 cells were detected in bone marrow cells and none in spleen cells, even when high doses of erythropoietin (1-5 units/ml) were used. This result indicates that Wehi-3 supernatant can promote early erythroid differentiation in normal animals and that this requirement cannot be overcome by addition of high doses of the erythropoietin preparation used in our laboratory. In RV-infected spleen and bone marrow cells, the number of BFU-E was also highest if Wehi-3 supernatant and erythropoietin were added; however, about 40 to 50% of the maximal number of BFU-E could also be obtained if Wehi-3 supernatant was omitted, provided that a low dose of erythropoietin, sufficient for CFU-E formation, was included in the test medium (Table 2) .
In RV-infected mice the number of CFU-E was approximately fourfold (Table 2) to sixfold higher (other experiments) per l0 s bone marrow cells but 80-fold higher in RV-infected spleen cells. Unlike the CFU-E of FV-P-infected mice, RV-induced CFU-E still required erythropoietin for terminal differentiation.
The number of BFU-E was not linearly related to the number of cells plated, neither in control cells nor in cells of infected mice. Linearity was only found with > 5 × 104 cells/ml using bone marrow or spleens of infected mice. This indicates that other factors provided by the cells are J.N.M.
MOL AND OTHERS * The experiments with erythropoietin (Epo) were done at a level of 0.15 units/ml, which permits differentiation of normal CFU-E but not of BFU-E cells. Epo was purified extensively and BPA activity was removed. The BPA which was used in addition to Epo to measure the number of BFU-E cells was the supernatant of Wehi-3 cells. The amount of Wehi-3 supernatant was adjusted to permit the growth of an optimal number of BFU-E colonies. FV-P virus is from Friend cells (F4-6). BFU-E colonies of mice infected with RV are sometimes two-to fourfold larger than 10-day BFU-E colonies of normal mice. RV is Rauscher virus rescued by MuLV-F from the RV-transformed non-producer erythroleukaemia cell line RA-1. The colony numbers are related to the 105 cells which were originally plated. t ND, Not done.
still required for clonal BFU-E growth. CFU-E colonies were strictly dependent on the number of cells plated.
Virus protein expression: RA-I cells contain a gp55-related protein and gp70
Virus protein expression in RA-1 cells was analysed by immunoprecipitation with monospecific antisera to the Rauscher virus core protein p30 and the virion envelope glycoprotein gp70. Polyacrylamide gel analysis of immunoprecipitates from pSS]methionine pulse-labelled Friend (F4-6) and Rauscher (RA-1) erythroleukaemia cells is shown in Fig. 1 . As previously described, immunoprecipitation with anti-gp70 sera demonstrated that, like helper virus-infected fibroblasts, Friend erythroleukaemia cells contain the envelope glycoprotein precursor gPr85 e~v which is processed to gp70 and pl5E. Additionally, both Friend erythroleukaemia cells and fibroblasts infected with SFFV-F, but not helper virus-infected cells, express the SFFV-specific glycoprotein gp55 (Bilello et al., 1980; Dresler et al., 1979; Racevskis & Koch, 1977; Ruscetti et al., 1979; Ruta & Kabat, 1980; Troxler et al., 1977b) . In a series of experiments, virus protein synthesis in RA-1 cells was compared to that of Friend erythroleukaemia (F4-6) and Rauscher MuLV-infected JLSV-9 fibroblasts ( Fig. 1  and 2 ). When RA-1 and F4-6 cells were labelled and immunoprecipitated under the same conditions, it was clear that RA-1 cells, like Friend cells, express a 51-54 kilodalton (K) glycoprotein as a major intraceUular species precipitable by antisera to Rauscher gp70 (Fig. 1) . A number of differences were apparent between the 'gp70' of RA-1 and the virus envelope glycoprotein gp70 of MuLV-R and other retroviruses: (i) the 'gp70' of RA-1 cells was synthesized rapidly and appeared as the major, env-specific protein synthesized during a 30-min pulse with [3SS]methionine (Fig. 2b, lane 1) ; (ii) only a minor band at the position of gPr85 e"v appeared which was precipitable by both anti-gp70 and anti-pl5E (Fig. 2a, b , lanes 1, 3, 4 and 6); (iii) no direct precursor-product relationship between gPr85 env and 'gp70' in RA-1 cells was found and the gPr85 env appeared to be quite stable during the chase. Peptide analyses of the Friend F4-6 env precursor and gp55 and of the RA-1 'gp70' and gp51-54 were performed after a 30-min labelling with [35S]methionine, immunoprecipitation, excision of the labelled band from polyacrylamide gels and digestion with Staphylococcus aureus V8 protease as detailed in Methods. Fig. 3 shows that when the broad gp70 band seen in fluorographs of RA-1 (Fig. 3, lane 15) was digested with 0.5 ~tg V8 protease, a pattern emerged which contained two spots shared with gp55 isolated from a variety of Friend erythroleukaemia cells as well as the gp52-54 from RA-1 cells (Fig. 3 , lanes 5 to 9, 10 to 14). In contrast, gPr85 env from Friend cells (while poorly defined in this fluorograph) shows no spot in common with gp51-54 from RA-I cells when analysed by this method. Two of the major spots in Friend gPr85 env may be related to the two RA-1 'gp70' spots not shared between RA-1 gp70 and the gp51-54 moieties. It is relatively easy to see that gp52-55 proteins from a variety of Friend strains, both polycythaemia (F4-6, lanes 6 and 11 ; W 3 C 12, lanes 8 and 13) and anaemia (FM2, lanes 5 and 10; G-l, lanes 9 and 14), and gp51-54 from Rauscher erythroleukaemia (RA-1, lanes 7 and 12) are remarkably similar when mapped by this technique.
Lastly, the inability of RA-1 to produce virus may be related to a defect in the gag precursor synthesized in these cells. Fig. 1 and 2 indicate that the RA-1 gag gene precursor is approximately 3000 daltons smaller than that of Friend F4-6 cells and MuLV-R-producing JLSV-9 cells. As can be seen in the pulse-chase analysis shown in Fig. 2(a, b) , the RA-1 Pr64 ga~ was not processed to p30 during the 90-min chase.
Evidence for a defective S F F V component in MuL V-R stocks
Evidence for the presence of a defective SFFV component in MuLV-R stocks has until now been inferred from the presence of envelope glycoprotein-related gp51-54 in transformed or (Bilello et al., 1980; Ruta & Kabat, 1980) and mainly by the study of proteins and rescue of SFFV in non-producer fibroblast cell lines (Ruta & Kabat, 1980) . More direct proof, however, could come from an analysis of virus RNA. Defective genomes may be considerably smaller in size than non-defective genomes. In order to find evidence for the presence of such a defective genome in MuLV-R stocks, we analysed RNAs from different virus preparations on denaturing methylmercuric hydroxide gels. The result of such an analysis is presented in Fig. 4 . The Rauscher virus of the JLS-V5 cell line with spleen focus-forming properties (Table 1) exhibited a rather complex RNA pattern with two small peaks in the 30S to 32S region (Fig. 4 a) . The profile of the RA-1 + MuLV-F virus RNA, on the other hand, showed a prominent 32S RNA peak and only a small 35S RNA peak (Fig. 4b) . MuLV-R isolated from RV or JLS-V5 cells by endpoint dilution techniques (clone 9) gave only the expected 35S RNA (Fig. 4 c) . From the combined data presented in Table 1 and Fig. 4 , we conclude that 32S RNA is most probably the defective SFFV-associated RNA and that RA-I + 643/22N virus is a rich source of this SFFV-R RNA.
Sequence relationship between MuL V-R 35S RNA and 32S RNA by hybridization
The relationship between MuLV-R 32S and 35S RNAs was measured by hybridizing 32p_ labelled 32S RNA with increasing amounts of MuLV-R cDNA : at saturating levels 60 to 65 ~ of 32S RNA was homologous to the cDNA. Under the same conditions, the homologous hybridization yielded a plateau of 96 ~, indicating that the cDNA probe is representative of the entire 35S RNA. We also show that the 32S RNA of SFFV-F previously cloned from the Friend erythroleukaemia cell line F4-6 (Bilello et al., 1980) is about 55 to 6 0~ homologous with MuLV-R.
Sequence relationship between MuLV-R 35S and 32S RNA by T1 fingerprinting
T1 oligonucleotides provide sensitive signals of homology between different RNAs. To verify whether the 60 ~ base-sequence homology extends to the oligonucleotide level, we compared the T1 oligonucleotides of 32S RNA and 35S RNA. The data are presented in Fig. 5 and Table 3 . As a source of 32S and 35S RNAs we used dimeric 50S and 70S RNAs directly from sucrose U3Cs(AC)2(A2C)(A2G) 0"9 27 U4Ca(AC)2(A2U)(A2G) 0"9 29
Rauscher spleen focus-forming virus
UvCv(AC)a(AU)(A2C)(AEU)(AG)G ~ -31
UsCIlG 1"0 32
U3Cs(AU)(A2U)(A3C)G~ 2"5 34
UsC2 ( The cell line RA-1 is extremely sensitive to phosphate starvation. Mapping of the oligonucleotides thus proved to be impossible because of low yields of 32p-labelled RNA.
DISCUSSION
We have described an erythroid permanent cell clone, RA-I, transformed by Rauscher virus but not releasing RV. These cells synthesize a defective gag protein precursor p640a0 which explains the defect in virus release. Virus rescue studies had indicated that RA-1 cells are similar to SFFV ÷ MuLV-cells expressing gp55 (Bilello et al., 1980) in that they were readily able to be superinfected by Friend and Moloney helper virus. The resistance of RA-1 cells to superinfection by MuLV-R is possibly mediated by interference due to the expression ofgp70 at the surface of these cells. It should be noted that this interference may be the reason why this cell line stayed virus-free despite the viraemic state of the mouse of origin. One unique property of the RA-1 cell gp70 is that S. aureus V8 proteasecleavage reveals a paitern of peptides, which are more related to the SFFV-coded, env-related gtycoprotein gp55 (Fig. 2) .
The MuLV-F used in our studies for rescue of SFFV-R does not induce a marked increase in erythroid cells in infected newborn DBA/2 mice (Fagg et al., 1980; this paper; P. E. Tambourin, unpublished results). The properties of the FV rescued by this MuLV-F and the differences from the FV-P complex used by us (with the same helper virus) thus reflect the biological effect of the defective SFFV-R.
Rauscher virus is generally assumed to be a close relative of the Friend anaemia virus (Ostertag & Pragnell, 1981 ; Tambourin, 1979) . Rauscher virus infection induces pronounced anaemia in mice. RV and FV-A-infected mice react with an increase in the relative proportion of differentiating erythroid cells, which still require erythropoietin (Hasthorpe, 1978; Opitz et al., 1977; Ostertag & Pragnell, 1981) but not those infected by FV-P (Tambourin, 1979; Fagg et al., 1980) . Erythroid cells infected in vitro by FV-A require erythropoietin for maturation (Evans et al., 1980; Hankins & Troxler, 1980; Steinheider et al., 1979) , but not those exposed to FV-P (Hankins & Troxler, 1980) . RV rescued on infection of RA-1 cells by MuLV-F has similar properties to those described previously for RV with MuLV-R (Tables ! and 2 ). Moreover, we used an in vitro assay which requires the presence of BPA activity (either spleen cell-conditioned medium or supernatant of Wehi-3 cells) for optimal burst formation of normal uninfected erythroid bone marrow cells. We could show that about 50~ of all BFU-E-forming cells of RV-infected mice were capable of producing colonies in the absence of BPA. This may indicate that the RV infection interferes with the normal response of early erythroid ceils to BPA. Similar but more pronounced effects were also obtained for MPSV-infected mice. Several reports have indicated that RV and MPSV, but not FV, could alter stem cell proliferation and could cause expansion of the granulocytemacrophage compartment (Hasthorpe, 1978; Opitz et al., 1977; Ostertag & PragneU, 1981; Tambourin, 1979; Fagg et al., 1980; Klein et al., 1981; Ostertag et al., 1980) . This complexity in the interaction of RV with several haematopoietic cell types could possibly reflect a genetic heterogeneity of the RV complex. Van Griensven & Vogt (1980) reported that the RNA subunit composition of the RV complex of RV-transformed mice and that released by several RV-transformed erythroid cell lines is different from that known for FV-infected cell lines (Bilello et al., 1980; Evans et al., 1980; Mol et al., 1981 ; Ostertag & Pragnell, 1978 Tambourin, 1979) . SFFV-F ÷ MuLV-fibroblasts, if infected by MuLV-F or MuLV-Mol, release virus particles with genomic RNA of 32S (SFFV-F) and 35S (MuLV-F or MuLV-Mol). FLC cells may release 30S and 32S (SFFV-F) as well as 35S (MuLV-F) virus RNA. The RV studied by Van Griensven & Vogt (1980) contained two different 35S and a 34.5S RNA species but not 30S to 32S RNA. The RV which was rescued from the RA-1 erythroleukaemia non-producer cell line, in contrast, was much less heterogeneous and contained 35S RNA as well as 32S RNA (Fig.  4) . Oligonucleotide fingerprinting of 32P-labelled virus RNA was done to exclude heterogeneity of the two RNA species and to get an impression of the homology of the 32S RNA species to either MuLV-F, SFFV-F or MuLV-R genomic RNA. Large oligonucleotides are present in the 32S and the 35S RNA of the RV complex in stoichiometric amounts. No contaminating spots with different yield were obtained. Both 32S and 35S RNAs are thus pure components. Secondly, the oligonucleotides of the 35S RNA from the RV complex rescued from RA-I cells with MuLV-F of cell clone 643/22N are identical to those of the 643/22N MuLV-F analysed previously (Mol et al., 1981) . The SFFV-R oligonucleotides are related more closely to the 35S (MuLV-R) clone 9 oligonucleotides than to those of 643/22N MuLV-F. Only four large oligonucleotides of MuLV-F denoted C3, C5, C6 and C10 (Mol et al., 1981) have identical counterparts in SFFV-R. These are oligonucleotides shared with MuLV-R. None of the SFFVspecific oligonucleotides of SFFV-F is present in digests of SFFV-R 32S RNA. Less than half of the SFFV-R spots identified are contained in 35S MuLV-R clone 9 RNA, indicating that SFFV-R has undergone extensive base changes relative to MuLV-R. This result is similar to that reported by Evans et al. (1980) and by Yoshida & Yoshikura (1980) on the FV complex, but is different from data reported by us on another SFFV-F variant and its MuLV-F counterpart (Mol et al., 1981) .
There are extensive supportive data, which imply that the gp52-55 protein is the major candidate for the putative transforming protein of the FV complex (Ostertag & PragneU, 1981 ; Ruta & Kabat, 1980; Troxler et al., 1977a Troxler et al., , 1980 . The presence of gp51-55 in SFFV-R ÷ MuLVnon-producer cells (Ruta & Kabat, 1980) and in RV-transformed erythroid cells (Bilello et al., 1980; Ostertag & Pragnell, 1981 ; Ruta & Kabat, 1980; Tambourin, 1979) furthermore suggests that the SFFV-R-related gp51-54 may have similar significance. The different biological effects of SFFV-R (MuLV-F) and of RV as compared to those of FV-A and FV-P, however, raise an interesting problem: is the gp51-54 of SFFV-R modified compared to the gp55 of SFFV-F in such a way as to account for the biological differences between SFFV-R and SFFV-F or are the associated recombinant MuLV-R-or MuLV-F-related sequences of the SFFV genome also involved in biological specificity?
The similarities in the biology of RV to the myeloproliferative sarcoma virus are striking, yet MPSV does not contain any sequences which have been defined as SFFV-specific . The close similarity in transforming activity of these two erythroleukaemia viruses would suggest that products of each of the two viruses interfere with the same causal sequence of events, leading to a similar phenotype.
